Background: Lactic acid bacteria are generally regarded as safe microorganisms and widely used in industry and medicine. We are trying to add additional properties to them by gene engineering. However, the genetically modified bacteria are not acceptable to use in food and medicine due to the presence of antibiotic resistance genes in plasmids. Thus, it is necessary to develop food-grade selection markers. Methods: To evaluate the activity of nisin resistance gene (nsr) cloned from Lactococcus lactis as a food-grade selective marker in transformant bacterial strains, we isolated L.lactis nisin resistant strains from fresh milk, and cloned the nsr gene to Lactobacillus delbrueckii subsp. bulgaricus, then studied the activity of nsr in positive transformant bacterial strains. Results: Six nisin resistant strains were isolated from fresh milk on M17 plates supplemented with nisin at a final concentration of 400 μg/ml. All of these isolates were identified as L.lactis by morphological, physiological, biochemical and 16S rDNA sequence analysis. A pair of primers was designed on the basis of the DNA sequences of reported nsr. PCR amplification was carried out with chromosome and plasmid DNA as templates from these six strains respectively, and an expected PCR product was obtained from one chromosome. After the amplicon was confirmed as nsr gene, it was cloned into E.coli-Lactobacillus shuttle vector pMG36e, resulting in pMG36e-nsr. The construct was obtained when the recombinant plasmid pMG36e-nsr was electroporated into L.delbrueckii subsp. bulgaricus L6032 competent cells. When the medium contained a maximum of 400 μg/ml nisin, the construct carrying pMG36e-nsr showed the same growth curve as that cultured in medium containing 10 μg/ml erythromycin. Conclusions: The nsr gene was cloned and successfully expressed in L.delbrueckii subsp. bulgaricus L6032. This study suggests that nsr gene could be used as a potential food-grade selective marker to replace antibiotic resistant markers in future.
INTRODUCTION
Nisin, a lanthionine-containing peptide of 34 amino acids produced by certain strains of Lactococcus lactis [1] , is widely used in the food industry as a safe and natural preservative [2, 3] and licensed by 48 countries around the world [4] because of its antimicrobial activity against a broad range of Gram-positive bacteria, including Staphylococcus aureus [5, 6] , Listeria monocytogenes [7, 8] , Listeria innocua [9, 10] , Micrococcus luteus [11] , etc. Nisin disrupts the cytoplasmic membrane of a bacterial cell through pore formation, which leads to the release of small cytoplasmic compounds, depolarization of the membrane potential, and ultimately, cell death [12, 13] . The lantibiotic uses lipid II as a docking molecule in the target membrane for efficient pore formation. By the binding of nisin to lipid II, bacterial cell wall synthesis is also inhibited [12, 14] , which provides another mechanism of cell killing [15] .
The efficiency of nisin as an antimicrobial agent could be seriously compromised by the occurrence of nisin resistance in some L.lactis. The nisin resistance of L.lactis always base on two factors: (i) for nisinproducing L.lactis strains, NisI seems to play an important role in nisin immunity; (ii) for non-nisinproducing Lactococcus lactis strains, they encode the nisin resistance gene (nsr) [16] .
Food-grade systems are defined as an association of DNA that originates exclusively from "generally recognized as safe" organisms, including the selection marker [17] . The criteria used for the classification as a food-grade marker includes the safety of the genetic material transferred in the host, food compatibility, the absence of antibiotic resistance markers, the nonuse of harmful compounds, and the applicability on an industrial scale or in food products [18] . Because the nsr gene comes from L.lactis, it can be used as a foodgrade selective marker to replace antibiotic resistance markers, so as to prevent from potential safety hazard of antibiotic resistance markers.
In the present study, we isolated L.lactis nisin resistant strains from fresh milk, and cloned the nsr gene to Lactobacillus delbrueckii subsp. bulgaricus, then studied the activity of nsr in positive transformant bacterial strains.
MATERIALS AND METHODS

Plasmid, bacterial strains and growth conditions
Nisin was purchased from Sigma-Aldrich (Beijing agent, PR China) and erythromycin from Bio Basic Inc. (Chongqing agent, PR China). Plasmid pMG36e (3610bp), which was kindly provided by Dr. J. Kok from the University of Groningen (The Netherlands), was used as an expression vector for expression of nisin resistant protein. Escherichia coli DH5α cells were routinely grown at 37°C in Luria-Bertani broth (LB medium) [19] . L.delbrueckii subsp. bulgaricus (L6032) cells were used as the expression host and were grown in MRS medium (de Man, Rogosa and Sharpe Agar) at 37°C [20] .
Isolation and identification of Lactococcus lactis nisin resistant strains
We gathered fresh milk from browsing in Chongqing suburbs and innoculated in M17 broth [21] containing 400 μg/ml nisin and incubated at 30°C for 16 h. Then added 50 μl bacterial culture fluid to the M17 agar plates with 400 μg/ml nisin and incubated at 30°C for 24 h. Then the suspected monocolony was picked out and cultured again at the same condition mentioned above. Preliminary identification was done by Gram staining, microscopy and catalase test. The Grampositive bacteria which we choosed must be characterized as sphere structured and negative in catalase test. Selected bacterial isolates were further identified based on the sequence of 16S rDNA amplified using L.lactis universal 16S rDNA primers: F-5'-AGAGTTTGATCCTGGCTCAG-3' and R-5'-AAGGAGGTGATCCAGCCGCA-3' [22] . Polymerase chain reaction (PCR) amplification was performed in a programmable thermo-cycler (Bio-Rad) heated at 94°C for 3 min, then 30 cycles of denaturation at 94°C for 30 sec, annealing at 58°C for 40 sec, elongation at 72°C for 90 sec, and finally extension for 10 min at 72°C. The PCR products were sequenced by Invitrogen China. The sequence homology was analyzed with BLAST online (www.ncbi.nlm.nih.gov/blast/Blast.cgi).
DNA extraction
Genomic DNA and plasmid DNA from the nisin resistant bacterial strains were purified with Wizard ® Genomic DNA Purification Kit and PureYield TM Plasmid Miniprep System (Promega, Chongqing agent, PR China) respectively. The purity and amount of DNA in each preparation was estimated colorimetrically and stored at 4°C until use.
Cloning and identification of nisin resistance gene
Based on the nsr gene sequence information, available in the GenBank (M37002) database, primers nsr-F (5'-AAAACTGCAGGCCATGACTTGATACCCGAT-3', containing restriction enzyme sites PstI) and nsr-R (5'-CCCAAGCTTGCATTGGTACTTGCTTTCGG-3', containing restriction enzyme sites HindIII) were designed and synthesized (by Invitrogen China) to amplify a 1406 bp DNA fragment, including nsr gene open reading frame and promoter. PCR amplification was performed with genomic DNA or plasmid DNA from the nisin resistant bacterial strains as DNA templates and carried out under the following conditions: initially, the reaction mixtures were heated at 94°C for 5 min, then the PCR progressed through 30 cycles of melting at 94°C for 40 sec, annealing at 55°C for 40 sec, and extension at 72°C for 90 sec; a final extension for 10 min at 72°C was included at the end of the 35 th cycle. Reaction mixtures were stored at 4°C until analysis by electrophoresis on a 1% agarose gel (Biowest, Spain) in 0.5 x Tris-acetate-EDTA (0.04M Tris-acetate, 0.001M EDTA) buffer at a field strength of 8 V/cm. Amplicons were detected by staining with ethidium bromide (0.5 mg/ml) (Sigma-Aldrich, Beijing agent, PR China) and were photographed under electrophoresis gel imaging system (Bio-Rad). The PCR products were purified with the QIAquick PCR purification kit (QIAGEN, Chongqing agent, PR China), digested with PstI and HindIII, and inserted into pMG36e (digested with the same restriction enzyme), resulting in plasmid pMG36e-nsr. E.coli DH5α strains carrying the recombinant plasmid (pMG36e-nsr) were innoculated in LB broth containing 150 μg/ml erythromycin and incubated at 37°C for 16 h. The nsr gene in pMG36e-nsr was identificated by restriction enzyme digesting, PCR and sequencing (by Invitrogen China).
Activity of nisin resistance gene in Lactobacillus delbrueckii subsp. bulgaricus Recombinant plasmid pMG36e-nsr was extracted with Plasmid Mini Kit (Omega, Chongqing agent, PR China) and electroporated into L.delbrueckii subsp. bulgaricus (L6032) competent cells by gene transformating system (Bio-Rad) at 1.9 kV of voltage and 2.8 ms of duration, and then cultured in 400 μl MRS hyperosmotic medium [added 20 g sucrose (Amresco, Chongqing agent, PR China) to MRS per 100 ml] at 37°C for 3 h. After that, the bacterial culture fluid on the MRS agar plates were added 10 μg/ml erythromycin and incubated at 37°C for 3 days, then the positive transformant bacterial strains were picked out (named L6032-nsr) and inoculated in five lagenas with MRS broth added 0 μg/ml, 100 μg/ml, 200 μg/ml, 300 μg/ml, 400 μg/ml nisin as final concentration, respectively, and cultured at 37°C for 48 h. At equal pace, we cultured L6032 and L6032-pMG36e as controls. Mapped growth curves according to the optical density at 600 nm (OD 600 ) at omni tertia hora to understand the activity of nsr gene in L.delbrueckii subsp. bulgaricus. In order to further understanding the activity of nsr gene as selective marker compared with erythromycin resistance gene (Emr), we innoculated L6032-nsr in MRS broth containing 10 μg/ml erythromycin as a control at the same time and incubated on the same condition; mapped growth curves according to OD 600 at omni tertia hora.
RESULTS
Isolation and identification of nisin resistant strains
Six nisin resistant strains were isolated from fresh milk on M17 plates supplemented with nisin at a final concentration of 400 μg/ml. All of these isolates were identified as L.lactis by morphological, physiological, biochemical and 16S rDNA sequence analysis and designated as L-no1, L-no2, L-no3, L-no4, L-no5 and L-no6, respectively.
Cloning of nisin resistance gene
PCR amplification was performed with genomic DNA or plasmid DNA from these six isolates as DNA templates, and the purpose DNA fragment was obtained from genomic DNA of L-no2. The purpose DNA fragment was purified and digested with restriction enzyme, and inserted into pMG36e resulted in plasmid pMG36e-nsr. The recombinant plasmid was confirmed with restriction enzyme digesting, PCR and sequencing. The sequence type contained the open reading frame (957 bp) of nsr gene and transcriptional control region in the upstream. The homology of nucleotide sequence of the cloned nsr gene compared with published nisin resistance gene sequences (Table 1) available in GenBank database (www.ncbi.nlm.nih.gov/sites) was analyzed with ClustalW2 online provided by European Molecular Biology Laboratory (www.ebi.ac.uk/services), then got the phylogenetic trees ( Fig.1) and scores of similarity (Table 1) . Fig.1 and Table 1 show that the nsr gene sequence was similar to L.lactis plasmid pND301 (U25181) [23] , L.lactis (M37002) [24] , L.lactis clone TS1640 (AY219902), and L.lactis strain K21-1 (EU747092), the similarities of them were 95%, 88%, 87%, and 85%, respectively. 
Activity of nisin resistance gene
After electro-transforming recombinant plasmid pMG36e-nsr into L.delbrueckii subsp. bulgaricus (L6032), the positive transformant bacterial strains (L6032-nsr) were cultured in MRS broth added 0 μg/ml, 100 μg/ml, 200 μg/ml, 300 μg/ml, 400 μg/ml nisin as final concentration, respectively; mapped growth curves according to OD 600 . As we can see from Fig.2a -e, all of L.delbrueckii subsp. bulgaricus L6032-nsr, L6032 and L6032-pGM36e growed well in MRS medium without nisin. They got into logarithmic phase after 6 h, and came to stationary phase after 24 h. However, L6032 and L6032-pGM36e hardly growed in MRS medium containing 100 μg/ml nisin during the first 24 h. After 24 h, both L6032 and L6032-pGM36e showed well growth because of the decrease of nisin activity. On the contrary, the L6032-nsr remain unaffected by nisin and still growed well as in the MRS without nisin. These indicated that L6032-nsr got nisin resistance, and the growth curves in MRS medium containing 200 μg/ml, 300 μg/ml and 400 μg/ml nisin also confirmed that. At the same time, in order to understand the activity of nsr gene as selective marker compared with Emr, we cultured L6032-nsr in MRS medium with 400 μg/ml nisin and medium with 10 μg/ml erythromycin respectively, and got growth curves of OD 600 . Fig.2f shows that both growth curves were almost the same. That's to say the recombinant plasmid won't lost because of the absence of erythromycin selection pressure, and we can select nsr instead of Emr in foodgrade vector as a selective marker. Growth curves of Lactobacillus delbrueckii subsp. bulgaricus in MRS medium containing different density of nisin or 10 μg/ml erythromycin. ("L6032-nsr" is the transformant bacterial strain containing recombinant plasmid pMG36e-nsr, "L6032" is the original strain, and "L6032-pGM36e" is the transformant bacterial strain with original plasmid pMG36e as control.) Growth curves of Lactobacillus delbrueckii subsp. bulgaricus L6032-nsr, L6032 and L6032-pGM36e in MRS medium: (a) without nisin; (b) containing 100 μg/ml nisin; (c) containing 200 μg/ml nisin; (d) containing 300 μg/ml nisin; (e) containing 400 μg/ml nisin. (f) Activity of nsr gene as selective marker in transformant bacterial strain L6032-nsr compared with erythromycin resistance gene (Emr): "Nisin" means L6032-nsr cultured in MRS medium added nisin as a final concentration of 400 μg/ml; "Erythromycin" means L6032-nsr cultured in MRS medium containing 10 μg/ml erythromycin.
DISCUSSION
We isolated and identificated six L.lactis nisin resistant strains from fresh milk with M17 plates added nisin at a high concentration of 400 μg/ml. However, the nsr gene was obtained only from genomic DNA of L-no2. The other five nisin resistance strains may be nisinproducing L.lactis strains, or there is a considerable variability of nucleotide sequences compared with the sequence of M37002 published online, so as to escape from nisin inhibition.
Lactic acid bacteria (LAB) are used extensively to manufacture yogurt and a number of cheeses. The extensive commercial use of these bacteria has led to several fundamental and applied studies aimed at increasing our understanding of these LABs, to select better strains or to improve them through genetic modification [27] [28] [29] . Such strains should be foodgrade and applicable under laboratory and industrial conditions. The Gram-positive bacterium Lactobacilli has many plasmid-carried industrially significant traits, including lactose utilization, bacteriocin production, bacteriophage resistance, and exopolysaccharide production [30] [31] [32] .
While a number of tools have been designed to generate chromosomal mutations in lactic acid bacteria, less consideration has been given to the potentially enormous benefits of engineering plasmid-carried genes in a food-grade manner. Efficient plasmid engineering would allow the removal or replacement of undesirable genes, permit the functional analysis of a particular plasmid gene(s), or allow the introduction of point mutations to determine the importance of individual nucleotides and amino acids. In addition to the limitations associated with the engineering of foodgrade plasmids, the lack of a readily selectable marker to allow their transfer is another aspect that often restricts their use. Due to the restrictions associated with using antibiotic markers in food applications, three alternative types of selection have been used [33] . The first of these, involving the use of dominant markers such as bacteriocin production and immunity [34] or heavy metal resistance [35] , is relatively straightforward but depends upon the presence of these selectable markers on the plasmid of interest. The second alternative involves complementation, which for example might depend on lactose [36] , thymidine [37] or pyrimidine [38] auxotrophies, a strategy requiring the initial mutation of chromosomally encoded traits and the subsequent complementation of this phenotype by plasmid-carried genes. The third and more recent development has involved the utilization of two plasmid systems. The use of such a system by Emond et al. [39] involved the separation of the antibiotic marker (on a RepB -plasmid) from the RepB + vector into which the genes of interest were cloned. Both plasmids are involved in the gene transfer step, but the marker plasmid can be subsequently removed by curing [39] . A co-electroporation method has also been used for the isolation of cryptic plasmids. This method reduces the number of colonies that need to be screened on the premise that optimization of the ratio between the marker and cryptic plasmid results in an average co-transformation frequency of 20%. Once again the marker plasmid is subsequently lost by removing the selective pressure [40] .
In this study, we cloned nsr gene to pMG36e resulting in pMG36e-nsr, and studied the activity of nsr in L.delbrueckii subsp. bulgaricus (L6032). The study showed that L6032-nsr obtained highly nisin resistance. Compared with erythromycin resistant marker, L6032-nsr also growed well in MRS only added nisin. That's to say the recombinant plasmid won't lose because of the absence of erythromycin selection pressure. So nsr gene could used as a potential food-grade selective marker to replace antibiotic resistant marker in future.
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